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Afntract: T fud contents of 07 wdult and fly g fusenile Blavasinged wal {Anas diseors) allected
Qavingt e speligg ool ey months of 1807 ard 2905 on pradvie wetfands (o centeal North Dhata
were statistcally compared. Fhe resalts demosstrated. divagreenient i Food composition. between the
osoplaten] aand gieznsd contents. Dferences olserved g wild blsds ssere confinued eapetimentally in
U3 feeding teanls i which deahe Blneewineed tead were fed aatiend foods and tlan Ritled ot titne in-
tervals aungthing from 2.5 odates to 72 lowes later, The magnitude of e bias wlated 1o digestaliling
fncteanedd i ebiteet proportion o the time fapse Detween feediog md samptiog, Soft fonds hrake
down within minutes while hard seeds were setained foe duys. Neliable fndormatiom can be oblaned
by ngalyses of ssophagesl contents, colteeting blrds at ae actively feeta, nedintely semoving cons
tents ol e esaplagus, wind preserving foods I 80 pereent alenlal,

A reliable assessiment of the kind of fouds
caustmed B ossenthal  Be understaading
speeies ecology and fn assessing the ecologi-
cil threats posed by linngn wetivites,
Sticke! (1963%:24), commenting on enviion-
wentnl  assessment and  research needs,
stated, “Investigations should be pereeptive,
rather thun generady they should focus on
the speetfic habitats aud on the food orga.
nists actually cousumed in these habitals.”
1F this end is to be accomplished, bius must

be avolded and the organism's ‘entire Hle™ -

history considered.

A preliminary investigation in 1907 of
fouds Ingested by spring. and swmer-col-
lected blueavinged teal on the prairie wet-
lindls of central North Dakota demonsteated
marked differences in species composition
between  [ood  flems  contained  in the
esophagus  and  gizzard,
demonstrated a similar disagreement I
mallards (Anas platyrhynchos);” Bartonck

and Hickey (1069} demonstrated disagree. ™

ment among the contents of the esophagus,
proventeiculus, and gizzard of three specles
af diving ducks: Dillon {1957} deseribed
n similie situntion in foods consunted by
waterlow] on wintering areas; and Dirschl
(1969:79) reported that gizzard contents
fnflate the importance of hard-seeded plants

Perret  (1062)

in the diet of lesser seaup (Aythya affinis)
anti blueswinged 1eal. Moyle (190):2),
commenting on differeatinl dgestive rates
af walerfow] fouds, stated, *1t seems highly
probable that soft-budied fovertebrates like
chironomids or snails swould be identifiehle
in the gizzard for o much shorter periodl
after ingestion thin hary shielled pondwecd
iruits,  Differentinl digestive rales of food
materfuls by ducks certainty merits fuvesti-
galion,”

" Although condern “has been ~ expressed
over the bins assoctated with determst 4
of the kinds of foods consumed by v, .-
fowl as deterinined by gizzard -y
attempts (Bartonek 1968) have - o

to investigate dilferent vates % “
ou an experimental basts, "This po, - one

ains the combined results of twe  omple-
mentary studies of Llueavinged teal: (1) -

an exmnination of the food viaten by birds
colleeted fu the wild and (2) feeding trinls

with willl, captive-renred-birds, The pur.

pose of this paper is (1) to ascertain the

“hilas associated with food found in the giz- -
zarel; (2) to explain why bias occurs; and

{3) to suggest procedures that can be used
to avoid bins, The data presented qe part
of a larger study dealing with the [eeding

ceology of waterfow) and designed o pro--
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vide ftfurmation that can be used to assess
the significancee of envirommental changes
acenrring in waterfow! breeding habitat,
Appredation s estencded to PO B Lee
who provided the eaperimental birds, and
abso to: G, L. Pearson for many helpful suge.
geations, 1. M. Cowardin for afdd fu stulisti.
cal analysis, Mavis Meyer for nid in stomnch
analysis, und I K, Springer and J. 3, Moyle
for critieally reviewing the maunseript.

METHODS

In the first phase of the study the con-
tents of the esophagi and glzzards of 67
adull awd Hylng fuvenile blueswinged teal,
collected during the spring and sumnier of
16T und 1968, were compared statistically
by means of the patred ¢ test (Steel and
Torrie 1560:79). The percentage of anfmal
miterind contadned in the asophogus was
compared o that found in *he gizzard, Per.
cemtages were ealeulated Trom the total
volume of foods contuined in cach of the
Yoo anatombe parts, The contents of the

proventriculus were alse measured but pro.

duced results that were fntermediate be.
tween those of the esophagus und gizzard;
therefore the cantents of thds zane are not
consideredd in this paper. Prior 10 stalisticnl
analysis, the datn were subjected to square
root transformation, v -+ T (Steel amd
Torrie 1960),

Birds were collected while uctively feed-
ing on 39 different wellswds lnented i
central North Dakota ranging from fresh-
temporary, 10 peemament-suline water are
Foad ftets were vemoved fmmediately
peeserved in 89 percent ethyl aleohol .
minimize postmortem digestion and aut-
lysis as disewssed by Koersveld  (1930),
Dillesy (1905, and Bartonek (1988). Fand

items were counted du the hboratory, cx-

ternal moisture removed, and volumes men-
sured by liquid displacement. Qnly the
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birds containing w totud vohne of Tood in
the esaplisgis exceeding 0,05 ml were fn-
cludled in this comparison.

The seeatd phase of the stady hieliuded
13 feeding trinls, cach consisting of identi-
cal Teedings of pairs of T-week-old drake
blneswinged teal which were subsepuently
sampled over w serfes of e Mtervals
ranging frons 2.5 mbunles o 72 hours, The
animal and plamt flems fed In each tefud
were selected fram a serfes of natural foods
that comptised the diet of wild teal and
ratged I digestibility from the soft wn-
piipod  (Hyalelln ozteen) W e hard
achenes of bulrashes (Seirpus spp.). Fowd
flems fncluded fuir species of plant sveds:
hardstem bulrast (8. aentus), wlkali buteush
(5. pualudosus), slowgh sedge (Carex ather-
wles) and wesleen waterplantain { Alisma
trictale); wsd three favertebrate species
representing  Insecta (Chironomuy spp.),
Crustacea {14, azteca), and Mollusen (Cy-
raulus spp.). 8. paludosns was Ted in the
fiest nine trinds wnd 8. acutus fn the rempin.
ing four,

Fooud ftems (23 of each) were inserled
approsimately 50 mm dnto the  duck’s
esophagos by using n modified 1 ce dis.
posable plastie syringe (7 mm odl,, 5 mm
L), Two syringes were used: each con-
tained 75 food ftems, Dry seeds were des
posited first Tollowed by live favertehrates,
Al the end of each predetermined time in-
lerval, birds were killed immediately
disseeted,  Ligatures were seeured at the .
Anterior end of the esophagus and at the -
i metions of the exaphagns and proventrice
clus, proventriculus and gizzard  izzand
and fntesting, wid tntestine and eloacn, The
alimentary tract and feenl materials were
washed, sereened, and examined for foree.

fed food Btems, Al tens were connted i

sufliciently  intnet” to  insure - acenrate
enumeration,  Birds were placed, doring




it an . e

Bias in Foob Assiass o Tesn « Swanson and Badonek 11

Table 1. A comuaimon of the perzent by volume of animat matenal found in the exophugus and gitzard of b'ue-winged
teet collected «hte fowding  Mag-lure ond Auguti-Septembet. 1987 and 1963, «n Maorth Dakata (flying luvenites were

wlutded in the later tomplel.

M=o RYRRRYERTHUTRIETR
Panasekrin 'i"...]ﬁ.'.'.:'.'.'._"“ T.TJT.'.T m Gleratd
Swinple siee gl 11} t1| {1}
Mean fond sotuse (ml) RTN] a0 1.2} 0.4
Moy percent {anbnad material) .10 32,00 LYY 0Ny
NMean condidener limits R el = KA + 11,33 + 1021
Canital iateend =000 level)
Calendnted ¢ salue for differone
of et Caniinal mategial) 12,1040 S04
LALN -RIXELI A
cacly Feeding trial, in individual dev 10.gal  RESULTS

polyethylene wquandn o insure gecovery
of Teeal materinls, Water was supplied
thronghout the study, Supplemental foud
in the lorm of o customeprepared water-
fowl crinmble diet (19 percent protein) was
supplied s libiuun for all trials that ex-
ceecded 2 hours, with the exception of one
12.hour trlal during which food was in-
advertently withheld,

Birds wsed in this secomd phase were

(ram wild stock aetificially incubated -aod -

Itched during the first 2 weeks in July.
The diet prior to epertmental feeding con-
sisted of crushed starter pellets (29 percent
protein) Tor 3 weeks, grower pellets (19
prreent protein} for 2 weeks, and o misture
of the grower pellets, whole wheat,” and
whole barley for 2 weeks. Gril was pro-
vided ns o misture of fine gravel and sand,
Tlie stucdy was Infliated on August 30 amd
terminated on September 26, with the ex-
ception of the 72-Dour trial which was de-
layed until November, 1905,

Invertelsates were never found in the -

glszard after the 20-minute trinl antl were
excluded in trals that exceeded 2 hours,
The nformation obtained from paired birds

within individunl time trials was combined

to simplily presentation,

A statistical comparison of the esophageal
and gizzared contents of teal collected in
spring wul swnmer is presented in Table
1. ‘The ealeulated ¢ valaes for the spring
and summer hirds were 12110 and 845,
respectively, Therefore the null hypothesis
was rejected, numely foods identified from
the esopliagus und ghzzard were not identd.
eal, S
The detailed results of the first three

feeding “trinls "(2:5-10 minutes) “are pre- =

sented in Table 2 The transfer of food
ftems from the csophugus  through | the
proventsiculus to the gizzard occurred quile
sapidly. The amphipods ond snails Liruke
down rapldly in the gizzard, Al the end of
10 winutes, 100 percent of the amphipods,
$2 pereent of the soails, ad 24 pereeat of
the diplera larvae were digested Leyond -

- distinction. :

A summary of the results of the 13 trials

“is presented in Table 3.7 The. number of.

western waterplantain antlets  remained
cclatively stable for 20 minutes, then stead- ...
ily declined to the 2-hour series after which -

“these nutlets no longer appeared in the!

gizzard, The number of sedge nchenes re-,
mained relatively stable for 2 hours, then
declined to -the 2d-hour trial, and  dis-

;

e e T TV
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'lnhlc 2. Movament el lotee fed food ltems thiouph the digestive 1act, Dala aie the numbes of individyol items relained
by paired blveinged loal ! the teimination of each time tral,

Nussen ur Fooo Lissts Fep axn liLocatrns

Nesarn Feo Valume Vel

. : ' : Titat  UNaccutnaen
) T Foun Tirses {two W) (ml) Ewiphagus  Provestrbodis Gierand _h:li:-nmn Fon
o T ) 2.8:Minute Trial
g Muufclht astec 30 0.0 30 0 8| 50 0
o ymulm An 50 0.3 ] B 7 50 0
b Chirontnmng spp, 50 130 30 0 | &0 ]
oo _Altyma friviale W 0.01 % T 7 o 0
‘ Carex atherodes 50 (X0 Mo (] i 5 - -l
"o Scirpur paludosts 30 e, A 3 15 o - 0
" Total (2 bisds) 300 . 251 AT 30 53 an )
) ~ Peroent of Total 100 D 1.} I 10 14 1) 0
! . .o R
: , SMinte ‘Teial ]
Il’yahlfd uzteed 50 O 2. 0 10 2 o
Sk . Gyraulus sppe .. 30 039 I M i -
FEEER C Mirmontuy spp 80 - 130 SR | 43 50 |
' __Misma trichile oo- - -0 I3 B - a A4 1
; "Curex athendes 77 7 50 7000 A0 43 A |
-Selrpuy jmfqumr Lot 0.0 2 A 47 5 LD
Torotal {2 binds) T 000 7 - 231 -0 92 e . 28 - 68
*Percent of total - 100 I u o1 .63 i 2
_ _ - _ 10-Mime Trind
~ " yalellaazteca 50 e 0 - 0 0 o
- (.ymm'fu A B HRSSREY V¢, STV ) N [R— BUSRRES | ISR | SR
~.Chironomus spp. LB 130 i 1 3n N 13
= Alisma triviole N 008 | 1. 1 s 3
s © Curer atherodes - LV I 1 1| 1, Q o ]
REE !sdfmu maludosus 50 0.16 1. 0 49 bo [
o Ftal (2 birds) (L URRR ¥ 3 -t 3 Int - 11 104
Tereent of total 100 10 1. nE e - m 06

*,# No foud items fourl In Intestine and feces.

achencs remndned {n the blmml throughout

e - cuﬂreﬂhne serfes, with “noomoderate

reduction {26 peteent) in numbers oceur-

“appeared  in M:hscquént’lrhlls.' Bulrush |

- ring-after 2 hours, As’the number of bul..

rish” achenes disappearéd . from the giz-

% aard, the pumber in the lowser digestive

R

tract ‘und - feces fuereased (T able” 3).
Twenty-four. percent of the achenes fed
swere found whole in the:lower Intéstine

_ uml l‘ccal material at llw !crminu!ion nl’ lllbf\

24-hour triul. l-'ifl)'-ciglnl pcrc.cul.‘uf_lllu
achenes still remuined in the glazard;- this

. left only 18 percent unaccounted for, . .

The variation in the mumber of food
{tems retafned. hetween birds  within ine
_dividual time trials remained relatively low,
“The mean difference for the 13 tine trials,

consisting of 150 Items fed to vach bied,
was 8.9 food items, and the muxtimam dif-
ference was 19 items. Tt s rensonable to

assume -that undu nutural- cundilions the

. .
N u\\!
. ’1 [
- ' N .
’ 3 ¢ ERNN N
. "’ o 2
. . . RN - )
- —— & C, A N, ! [ .
- s e e M ot i e e e e e e e
‘ M .y ERURPNRY - RV ..
. L . . . ' -~
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T, - N e
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Tatde 3. Dulfaientiol tytention rotet ot forceded lood items, Datg eapresied oy the wm of individual {rems mmned by
paited blye-winged 1eal ot ‘he uminclion of eoth of 13 time trialy,

NMosnen or Foon Firss fixramen o Pannn Hriw st 1k Teasasstion ar Bacie Tisie Terat

Minutes Ioun
ol ltens  Tie 7 2.3 ] W a6 30 40 5o | 2 1281 J8 T2
Upper distestive tract (esoplingus, proventeicatus and gizzand }
Muuh At nztecs 0 12 0 3 0 0 00 0 b e am =
ymnhu s 5 283 ] 1 0 0 u B ) = - e e
Chironomuy spy. S0 B0 W17 ] ] 0 0 0 = e e e
Alismnt teiviale Ao du 45 4l 20 M 3 ) 3 0 0 0 —
Cures athvrdes GO 49 0 4T 4T a8 28 d6 4T 5 -1 [ S ]
Seirpn spp. 5050 W B S0 47 a2 4 37 20 90 10 M
“Total (2 birds 300 232 19 158 1A 128 T3 07 &9 31 300 10 14
cach Ui 1edal) o : T
Lower digestive tet (Bdestioe and 'l'l.-u-s)-
Hyulella asteca® —_— e e e
Cyiatilus spp.® wn ame e o
Chirnomus app, 0 & ] ] 0 ] ! o 0 o= = e =
Ayt pJutnle ] 0 0 | 0 0 n. -0 0 i ¢ 0 -
Carex athrendes ¢ H 0 0 1} 8 0 0 3 6 -0 | 0
Scirpus sppn 0 0 0 0 01 0 o312 T n
Totul retulned vb. 0o o t 0o 2 2 "0 7 128 9

€8 hinds in each
thoe Gial)

&

s D wredicates e wat ewthisded rom feeding trial,

* UOntandsniy wever loowied in the ‘u wi digethe (it

-~ dominant foods consumed have a consider- -

uble influcnce on the breakdown and sub-

sequent retention of hard secds, In this’

case erashed food pellets approxioated the
soft auimul foods that dominate the et of
blue-winged teal during the spring oad
sunmer months in centeal Norlh l)ul.olu

(Table 1).
DISCUSSION

Tt

inereased by harder foods in the dict, Beer
atdd Tidyman (1942) presented  evidence
that gallinaeeous Dirds  substitute hard

“seeds for geit when grit levels fal) Lelow
tinimum values.” Dement'ev and Gladkoy

As the time Japso between feeding and |

sampling increased, the magnitude of the
bins associated with the gizzard contents
increased in direct proportion. Soft foods

. broke down within minutes while hard

items were retained for several days,
Hard sceds fn the gizzard must exert an

abrasive action on soft foods and probably

function as grit when soft foods dominate

{ 1907:499-500), describing foods ingested -

t

by gerganey teal (Anas querquedula), re-

ported that hard seeds frequently serve as
gustroliths, The breakdown rate of hard

* seeds may vary, however, depending upon -

»

the length of time they are exposed to

moisture prior-to consnmption; that is, the: ...
e

steds beeome softer prior to germination.
The nutritions] importatice, in the dicts

of ducks, of plants having hard-conted sewds .

is minimized beeause some of these sveds

f_':'uo undigested and volded in the feces,

L4
F

- the dict,-Jordan and - Bellose - (1951) ree- s
ported that the effect of Ingested lead was
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Vaiding of these undigested and often
viable seeds may serve us a primary means
of dispersal for some species of aguatie and
emergent plants (Bartonck 1965:107).,
The significance of the disagteement
wmonge the contents of the esophagus, pro.
ventriculus, und gizzard 1s brought out by
the work of Bartonek (1968), who doter-
mined that 95 pereent of 123 studies of
waterfowl food habits published from 1901
through 1965 were based wholly or in part
upan food materials from the glzsard or
stomach, Studies of this type tend to bias
data In fevor of fews that are mast ditfE
cult 1o digest, especially hasd-coated seeds,
Adjusting duta (o compensate for dil-
ferent rates of digestion in e gizzard
wanld be difficult under congitions where
wwide spectrum of foods varying in re-
sistanee is consumed, Soft foods sucl, as
cldocern, wven when consumed in Jarge
nembers, were never abundant in the giz.
zard, For example, the digestive tract of a
hen gadwall {A, strepera) that had fed
exchsively on cladocera carrylng resistant
egus (ephippin) was esamined, and the
propurtion of female cadocern carrying
cgus was 1 i 3.2, This ratio remained
relatively constant $n the esophogns nnd
proventricnlus, Only 14 cladocern coulid
be found in the glzzand, however, as com-
pired to 228 ephippia, sugeesting that pro-
portionately 1,186 cladocera had previmzaly
entered the gizzard and had been digested,
Microcrustaceans were readily identified
when the contents of the esophagus were
removed and preserved fn uleohol.
Bartonek (1965:100) studied the differ-

S ential breakdown of foree-fed footls in 3%.

week-old matlards, “The overall breakdown
rate of soft vy, hard foods followed a pat-
teen shnilar to that deseribed  for  blue-
winged teal. In his stwdy, cladocera broke

“down ‘whhin 15 minvtes; o)) anima) ma-

e P Y R = e 4 AT Py i e s it st Tt
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tetfals broke down B less than T hour,
Thirty-five pereent of the hardstem bulrush
uchenes remadned 1o the eml of the sty
ut 24 hours, Although the breakdown se.
quence reported was relatively the same,
the T-wevkeold teal in our sty digested
anhimal materinds smore raphdly than did the
3taweck-okl mallueds fn Bartonek's study,
This probably can be attributed in part o
the age of the two species asd the resalting
diffesences in the size amd development of
their gizzards.  Malone (1903)  demon-
steated that the rate of passage of lirine
shrliep (Artemia saling) eges through the
digestive tract of sallards was related o
the harduess of other foods consumed. In.
verlebrate egpes Bed with soft plants wad
anbmals passed paphdly while' hard fouds
rotarded  passage,  sugeesting that hard
fonds uee retnfned in the wizenrd while
soft fcads are provessed mpidly and pass-d
into the intestine,

During the 1967 North Dakota teal sea-
son, 110 birds obtained from hanters' bags

_were examined, Of these only 33 (30 per.
cent) contained foud in “the ‘esophagns,

Lack of food in the esoplingus muy have
been cavsed by disturbance during hunt.
ing, bat the rapid rte of movement of
foads o the gizzard and the wadeney for
birds to rest following feeding are alsn
contrilmting fnctors. Blueawinged teal fly.
Ing into decoys or over a pass wonld seem
less likely to contain foods in the esophagus
thaa would birds obtained lw jrumnpeshaot.
ing.

Birds killed !n- slmulfnb nccu-.fnlmil) re-
gurgitated ;.,imlrd contents us was evi-
deneed by the polished condition of seeds,
sand g.min\ atl tolluse shells found in
the proventriculus and esophagus.  Regur.

gitition was ubserved most often when the
esophagus was empty or neasly so. A [ull

esophagns appearcdd 10 retard the regurgi.

).
R B
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ltion of gizzad contents. We never ob.
served regurgitution, as Madone (19606:237

reported for two nnllurds, in birds killed
with sodiwn pentobarbital, or ander nat.
urad feeding conditions,

The esophagi of some of the bieds ox.
amined s the lield were filled to capacily
with foad. “This condition appears e be
1elated to the abindance of avatlable food
which penmits the sate of consumption to
esceerl the capacily of the gizzrd to
pracess  Towd materdals,  This  comcdition,
however, did not ovene in every case us
stume hirds were observed 1o feed actively
for a perdod of 20 minotes without ae-
cuniating w large, nmount of foud o the
esophagus, In these cises, low foud abun-
dinee elfeetively reduced the rate of con-
sunption o a4 poinl not greatly exceeding
the receplive capacily of the pmwnlrluuhls
aml gizzand,

CONCLUSIONS

Disagreement I camposition Belween
the esopliageal and gizzand contents in blue.

‘winged teal relutes o different breakdowni™ §

rates determined by the resistanee of in-
dividual food {lems to digestive juiees, to
the gehmding action of the givzard, and to
the other foods consume], “This bias ean
Le avoided, when vestigating foad con-
suiption, by lindling  investigation  to
esophageal contents (Burlonek 1968, Perret
1962). This was accomplished effectively
i blueawinged teal by restricting sampling
to birds that were actively feeding, remov-

g the esophageal contents immediately -

(Bartouek and Murdy 1970), and presery-

* g them in 80 percent ethyl alcobol. -
Ihe accuracy of Information  derived
from hater-killed birds can be fnereased if
cooperition ean e “enlisted o process
- esophagi fu a precise manner before post-
mortem digestion aceurs.” Not only must

40

the tue belween death, dis.ection, und
preservation he considered, but uho the
possibility of regurgitation which appa.
ently is caused by agonal spasins related to
crippling, Since regurghtation is related o
an empty esopliagns and s easily recog.
nized by the polished condition of some
regurgitated ftems, it does not pose o seri-
aus prohitem,

A bird that has been observed to feed
for a perdod of time does nol always cons

tuin an esophagus (illed o capacity, bot a
volume wdequate for analysis s asually

prosent. “The wmount in the esophagus ap-
pesrs to be influenced by the relative
abundance of food in the envieomment and
the rute that the glzzard s able o process
the food material behye consumed,
materinls therefore cien be processed ad
used al ' more raphl sute g hard Toods,

Deficiencies nssoctated with data derived
from slain birds have heen pointed out by
Kharin and Tashebilin (1933), - Madsen
{1954) and others, Our data indicate that
reliabie information can be obtained I17(1)

effortis exerted to.oblain actively. feeding .. .

birds, (2) examination is restricted to the

- esophagus to avold faods subjected to phys-

ical or chemieal breakdown, amd (3} food
Ilcms are removed and preseeved immedi.

_utely to avold postanortem digestion. -
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